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A combined field and petrographic study describes the 
spatial mineralogical and textural characteristics of the 
Cedar Pass pluton and related volcanic rocks. Correlation 
between mantled feldspars, basic inclusions and geochemis­
try is made in order to determine the petrologic develop­
ment of these igneous rocks.
The study area is 30 kilometers northeast of Mina, 
Mineral County, Nevada in the northern Cedar Mountains.
Well exposed sub-volcanic rocks have intruded into late 
Triassic marine sediments. Three periods of structural 
deformation have been imprinted on these rocks.
These plutonic rocks are related to a period of extru­
sive eruptions which started about 28 million years ago and 
culminated about 10 million years ago. A minor phase of 
the pluton has been dated by K-Ar at 24.2 million years. 
Myrmekite, mantled feldspars and plagioclase morphology 
have been used to determine the igneous history during Oli- 
gocene-Miocene time.
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The Cedar Mountains trend northwest and lie approxi­
mately 30 kilometers northeast of Mina, Nevada and 30 
kilometers east of Luning, Nevada (see Figures 1 and 2).
The range is bordered on the west by Stewart Valley and on 
the east by lone Valley. The Paradise Range lies to the 
north; to the east lies the Toiyabe Range; and to the south 
lies the Monte Cristo. The Gabbs Valley Range and the 
Pilot Mountains lie to the west (Figure 1).
The Cedar Mountains are accessible by good dirt roads 
from Mina to the west and from Gabbs to the north. Within 
and adjacent to the mapped area access is good with several 
unimproved dirt roads and jeep trails. Recent mineral ex­
ploration and development has upgraded several of these 
roads. Elevations within the mapped area range from 2010 
meters (6600 feet) on both the eastern and western sides of 
the range to Little Pilot Peak at 2463 meters (8082 feet). 
Cedar Pass, elevation 2210 meters (7250 feet), is along the 
main access road which dissects the mapped area. The 
northern Cedar Mountains has a typical high desert flora 
which is predominated by Utah Juniper, desert sage, short
grasses and cactus.
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Figure 1. Location map of the northern Cedar Mountains.
3 9 -







The purpose of this study is twofold. First, it is to 
accurately describe the geology including both regional and 
local stratigraphy and structure. Secondly, it is to de­
scribe and interpret textural features and geochemical 
characteristics within the plutonic rocks to explain petro­
logical sequences and events.
PREVIOUS WORK
The first published report of the geology in the Cedar 
Mountains was by J.P. Berwalda in 1914 in which the Terti­
ary rocks were discussed. S.W. Muller and H.G. Ferguson 
did reconnaissance work in the Cedar Mountains in the 
1920's and 1930's as part of their reconnaissance of the 
Hawthorne and Tonopah Quadrangles. The culmination of this 
work was the publishing of two papers on the stratigraphic 
data (Muller and Ferguson, 1936 and 1939) and one paper on 
the structural data (Ferguson and Muller, 1949). The rock 
units and mining activity of the Simon District, 5 kilo­
meters north of the study area, was discussed by A. Knopf 
(1921). V.P. Gianella and E. Callaghan (1934) reported on 
the Cedar Mountains earthquake of December 20, 1932. Ross 
(1961) did reconnaissance work in the area which culminated 
with the United States Geological Survey and the Nevada 
Bureau of Mines and Geology Bulletin 58. Mottern (1963)
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did a general geologic survey of the northern Cedar Moun­
tains which covered all of the study area. At the time 
that Mottern was doing his work, several of his colleagues 
were working on the stratigraphy and paleontology of the 
Esmeralda Formation in Stewart and lone Valleys. Finally, 
Speed (1977 and 1979) published several papers dealing with 
the stratigraphy and structure of west-central Nevada.
METHOD OF STUDY
The field work was done in parts of the summers of 
1977, 1978 and 1980. The geology was mapped at a scale of 
1:12,000 on enlargements of the United States Geological 
Survey's preliminary 7.5 minute quadrangle maps of the 
area. Structural lineations were first mapped on 1:24,000 
aerial photographs, which, after being field checked, were 
then transferred to base maps. Because of the emphasis on 
the petrography of the area, most, if not all, of the 
outcrops were visited. Special emphasis on border phases 
necessitated collecting numerous samples in two mineralized 
areas and along the contact between the plutonic and 
volcanic rocks.
Laboratory studies utilized thin sections, polished 
sections, and X-rays. Approximately 130 thin sections were 
made by both Western Petrographic, Tucson, Arizona and the 
Nevada Bureau of Mines and Geology, Reno, Nevada. Approxi-
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mately 40 of these thin sections were point counted using 
1000 points spaced over the entire usable surface. One 
sample of the plutonic rocks was used to make a biotite 
separate for a K/Ar age date that was determined by the 
United States Geologic Survey in cooperation with the 
Nevada Bureau of Mines and Geology. A few polished 
sections were used to help determine the skarn mineralogy 
of two of the deposits surrounding the main pluton. X-ray 
diffraction was also used to help identify some of the 
minerals found in the two skarn areas. Two whole rock 
samples were run by Don Cohen on the University of Nevada, 
Reno geology department's X-ray fluorescence equipment.
The geochemistry of 15 whole rock samples of selected 
volcanic and plutonic rocks were determined for the 10 
major oxides plus sulfur and 14 trace elements using 
CONOCO's TEFA method (TEFA: Tube Excited Fluorescence 
Analysis). Six samples were run by the University of 




The Cedar Mountains are a complex range roughly 50 
kilometers long and trending northwest. Its main mass of 
the Cedar Mountains is composed of Triassic and Jurassic 
sedimentary rocks, strongly deformed and intruded by a 
Jurassic (?) granodiorite (Ferguson and Muller, 1949).
Both intrusive and extrusive igneous activity occurred 
during the late Tertiary. The valleys are filled by lacus­
trine and alluvial sediments and tuffs of the Esmeralda 
Formation and by post-Esmeralda alluvial deposits.
The total thickness of Mesozoic rocks in the Hawthorne 
and Tonopah Quadrangles, as mapped by Muller and Ferguson 
is about 9100 meters. The oldest formation in the Cedar 
Mountains is the middle Permian Mina Formation, recently 
split out of the Excelsior Formation (Muller and Ferguson, 
1936) by Speed (1977).
The Mina Formation is composed of cherts and silici- 
clastic sedimentary rocks as much as 1000 meters thick and 
perhaps thicker (Speed, 1977). It crops out extensively in 
the southern Cedar Mountains. In the northern Cedar Moun­
tains, however, the nearest outcrops of the Mina Formation 
are 5 kilometers southeast of the study area. In the study 
area, however, a xenolith was found within the intrusive 
rocks which is thought to be from the Mina Formation.
Overlying the Mina Formation and split by Speed (1977)
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from the former Excelsior Formation, is the early Triassic 
Gold Range Formation. There is no evidence of the Gold 
Range Formation in the Cedar Mountains (Mottern, 1963). 
Unconformably overlying the Gold Range Formation is the 
middle Upper Triassic Luning Formation (Speed, 1977).
The Luning Formation, which was named by Muller and 
Ferguson (1936) after the town in Soda Springs Valley, is 
widely exposed throughout central and eastern Mineral 
County. The type locality was designated by Muller and 
Ferguson (1936) as the northern slopes of the Pilot Moun­
tains which is 23 kilometers west of the current study 
ar ea.
A complete section of the Luning Formation is exposed 
at no single locality and the thickness, lithology and 
structure vary markedly from range to range. The Luning 
Formation has an estimated total thickness of 3030 meters 
and consists predominantly of marine clastic sediments, 
limestones and cherts with some minor pyroclastic rocks and 
lavas (Muller and Ferguson, 1936). The Luning Formation, 
at the type locality, is approximately 2425 meters thick 
and has been divided into three informal members. The 
lowest is a lower limestone member 910 meters thick; over- 
lying this member is a middle clastic member 910 meters 
thick which is overlain by a 605 meters thick upper lime­
stone member. Neither the base nor the top of the Luning
Formation is exposed at the type locale. Ross (1961) 
stated that the Luning Formation rests unconformably on the 
Excelsior Formation in the Pilot Mountains and Garfield 
Hills. In other places, Ross states the Luning Formation 
is in either fault contact or not exposed. Muller and Fer­
guson thought that both the lower and the upper contacts of 
the Luning Formation with underlying and overlying forma­
tions are fault contacts. Oldow, 1977, in fact, found 13 
thrust slices in the Luning Formation in the Pilot Moun­
tains. Within the northern Cedar Mountains, the Luning 
Formation comprises most of the pre-Tertiary rocks and 
within the present study area the Luning Formation com­
prises all of the pre-Tertiary rocks.
Above the Luning Formation in either a slight angular 
unconformity or disconformity is the Dunlap Formation of 
Middle Jurassic age (Mottern, 1963). Just south of the 
mapped area the Dunlap Formation crops out in an east-west 
trending syncline. In the southern Cedar Mountains, the 
Dunlap Formation is spatially associated with the Mina For­
mation. In the Cedar Mountains the Dunlap Formation con­
sists of 137 meters of shales, sandstones, and conglomera­
tes (Mottern, 1963). The Dunlap Formation, from range to 
range, varies markedly making regional correlation impossi­
ble.
Although Muller and Ferguson estimated the age of the
9
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intrusion in the northern Cedar Mountains as Jurassic, it 
has recently been dated as Oligocene (24.2 million years). 
The main phase of the intrusive consists of a porphyritic 
granite with minor phases that vary from granite to quartz 
monzodiorite. Associated with this intrusive activity, to 
be explained in a later section, are several sub-volcanic 
dikes and two areas of volcanic rocks which vary in 
composition from rhyodacite to basalt.
Cropping out extensively in both Stewart and lone 
Valleys is the Esmeralda Formation of Miocene age (Firby, 
1963). Mottern, 1963, believed that the Esmeralda Forma­
tion is entirely lacustrine and is composed of tuffaceous 
and calcareous detrital material, diatomites and lime­
stones .
Also present on the flanks of the range are extensive 
areas of alluvium. On the western flanks of the Cedar 
Mountains and adjacent to the mapped area is an extensive 
area of older alluvium several meters thick. Older allu­
vium also crops out on the eastern flank of the northern 
Cedar Mountains as lateral benches in major stream channels 
and in areas adjacent to the steep eastern range front.
Recent alluvium and detritus is mostly present in 
current stream channels and in a few areas as eluvium of
plutonic rocks.
REGIONAL STRUCTURE
The northern Cedar Mountains are in the western margin 
of the Basin and Range Structural Province they have expe­
rienced three periods of structural deformation, the first 
of which, during late Early to Middle Jurassic, was evi­
denced by thrust faulting and folding (Ferguson and Muller, 
1949). The second period of deformation is related to the 
intrusive emplacement. Superimposed an all of the older 
structure is the Basin and Range high angle normal and 
large displacement strike-slip faulting of Miocene to 
present age (Silberman, 1976).
Major deformation took place during the late Early to 
Middle Jurassic time (Nevada Orogeny). As part of this 
tectonic event some small subsidence basins developed in 
which the Dunlap and other consanguineous rocks were depo­
sited (Speed, 1979). These subsidence basins developed on 
and at the flanks of a large anticlinorium that extended 
into the area of the Cedar Mountains during the Nevadan 
Orogeny (R. Schweickert, 1982, oral communication). In the 
Pilot Mountains, thrusting during this event was to the 
southeast relative to the autochthon. Both the current 
study and Mottern’s (1963) failed to delineate any thrust­
ing in the northern Cedar Mountains.
Pliocene deformation in the northern Cedar Mountains 
may have been expressed by slight doming of pre-Tertiary
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rocks by the intrusion of the granite stock. A slight 
regional doming of the Luning Formation trending east-west 
and centered at or just north of Little Pilot Peak was re­
cognized by S. Kilbreath (Oral communication, 1978). This 
doming may have been the result of three possible mecha­
nisms. First, the doming may have been totally produced by 
the Nevadan age deformation. Secondly, the doming may have 
been produced totally by the Oligocene intrusion. Finally, 
it could be a combination of the two processes.
The last period of structural deformation is the 
development of Basin and Range "type" features. The Basin 
and Range topography has long been recognized as a series 
of horsts and grabens. The mountains most commonly are 
tilted fault blocks bounded by steeply dipping predominant­
ly oblique-slip normal faults. A. Ryall (Oral communica­
tion, 1982) through recent studies has determined two com­
ponents of movement along certain faults in the Basin and 
Range. The component extending from the surface down to 
nine kilometers has strike-slip as the major component.
Nine kilometers and deeper the major component is normal- 
slip. The total displacement along these faults can be 
four kilometers or more.
In central and northern Nevada ranges generally trend 
north to northeast (Sales, 1965). The western margin of 
the Basin and Range province, however, is marked by non-
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linear, randomly oriented ranges. Within a portion of this 
western margin, however, there is a very general northwest­
erly trend (Gianella and Callaghan, 1934). This trend has 
been postulated as a result of a series of northwest trend­
ing right lateral strike-slip faults. This zone was first 
recognized as an area of major lateral slip by Gianella and 
Callaghan (1934) and was named by them the "Walker Lane". 
Figure 3, modified from Kilbreath (1979), summarizes the 
general relationships of the Walker Lane in eastern Mineral 
County, Nevada.
The "Walker Lane" for practical purposes can be de­
fined as a zone of right lateral displacement that is 50-80 
kilometers wide and which extends from the Monte Cristo 
Range in the south to at least as far as Pyramid Lake, 
north of Reno, in the north. Some researchers have even 
extended its southernly extension through to Las Vegas. In 
Mineral County, there is 30-50 kilometers of right lateral 
displacement on a series of at least four parallel faults 
(Kilbreath, 1979). For a discussion of the "Walker Lane" 
type features and how they relate to the development of the 
Basin and Range Structure, see the work of Sales (1965), 
Atwater (1970), Wright (1976) and Langesmir (1978).
Gianella and Callaghan (1934) reported on the December 
20, 1932 Cedar Mountain earthquake and found that 60 rifts,
grabens or crack type features were developed in a belt 61
14
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Figure 3. General relationship of the Walker 
Lane (after Nielsen, 1965; Shawe, 1965;
Stewart, 1975; Ekren, 1976; and Kilbreath, 1979)
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kilometers long and 6-14 kilometers wide. This belt trend­
ed in a north-northwest direction through Stewart Valley 
and extended from just east of Pilot Peak in the Pilot 
Mountains north into Gabbs Valley (Locke, Billingsley,
Mayo, 1940). Although the zone of rifting extended in a 
north-northwest direction individual rifts, cracks or 
grabens had three major trends - N11E, N61E, and NllW.
From observed slickenslides, the relative movement was 
concluded to be right lateral with a maximum of 85 centi­
meters of offset.
It was from this evidence that Gianella and Callaghan 
defined a zone of right lateral features known as the 
Walker Lane. Gianella and Callaghan (1934) also developed 
the hypothesis that this right lateral movement was direct­
ly or indirectly related to the right lateral movement of 
the faults of Owen's Valley and along the San Andreas fault
both in California.
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LITHOLOGY OF PART OF THE NORTHERN CEDAR MOUNTAINS 
PERMIAN
The oldest rock in the mapped area is represented by 
an inclusion in the Cedar Pass stock. The sample that 
contained this inclusion was found as float in the southern 
drainage of the mapped area approximately one kilometer 
south of Cedar Pass (see Plate 1). The inclusion is an 
equidimensional block 10 centimeters on a side with dis­
tinct regular non-graded bedding. It is medium gray in 
color which weathers to a rust brown. The inclusion is be­
lieved to be part of the Mina Formation (L. Garside, per­
sonal communication).
The Mina Formation is defined as a series of turbi- 
dites as much as 500 meters thick with predominant litholo­
gies of graywackes, pelites and chert-clastic units (Speed, 
1977). The individual units are from 1 centimeter to 20 
meters in thickness and were deposited as fans in fore or 
back-arc basins. From fossil evidence and K/Ar dating of 
hornblende in rocks of the Mina Formation, a minimum date 
of 256 million years (mid-Permian) has been established. 
Recently the Mina, Gold Range and Black Dyke Formations 
were split from Muller and Ferguson's Excelsior Formation 
by Speed (1977). For further details of lithologies, ages, 
and structures of these formations the reader should refer 
to Speed's paper. Although no outcrops of the Mina Forma-
17
tion were found in the mapped area or for that matter in 
the northern Cedar Mountains, large areas of the Mina For­
mation crop out in the southern Cedar Mountains and the 
southern Pilot Mountains. From this evidence it is assumed 
that the Mina Formation is part of the basement of the 
northern Cedar Mountains.
In other areas within Mineral County, the Gold Range 
and Black Dyke Formations overlie the Mina Formation. No 
evidence of either of these formations has been found to 




In the Cedar Mountains, Mottern (1963) mapped 2010 
meters of Luning Formation which he has split into three 
distinct members. The lowest Mottern termed the lower 
clastic member and described it as consisting of 975 meters 
of interbedded siliceous mudstones, argillites, conglomer­
ates, limestones and shales. The predominant rock type is 
a siliceous mudstone which Mottern mapped as grading both 
laterally and vertically into argillites and conglomerates. 
This member crops out along the entire southern contact of 
the Cedar Pass pluton. The contact between the lower clas­
tic member and the overlying middle shaly limestone is gra­
dational .
The middle shaly limestone member consists of 670 
meters of interbedded limestones, argillites, shales and a 
few sandstone beds (Mottern, 1963). It is amongst the 
limestones of this middle member that most of the brachio- 
pods and pelecypods, used to date the Luning Formation in 
the Cedar Mountains, have been found. According to Mottern 
the middle shaly member crops out in a small area on the 
southeast side of the current study area and in an east- 
west trending belt a few kilometers south of the southern 
boundary of the Cedar Pass pluton.
The upper member of the Luning Formation consists of
19
365 meters of limestones, dolomites and a few shale inter­
beds. The contact between the middle member and this upper 
massive limestone member was mapped by Mottern as being 
gradational. Again a small slice of this member crops out 
in the southeastern portion of the mapped area. This upper 
member, however, forms two prominant east-west trending 
ridges on the northern side of the Cedar Pass pluton. The 
exposure of the limestones and dolomites of the upper lime­
stone member north of the Cedar Pass pluton, although com­
pletely separated from the rest of the Luning Formation, 
has been mapped as part of the upper massive limestone 




The lower clastic member consists of interbedded 
argillites, quartzites (siliceous mudstones of Mottern), 
shales, conglomerates and limestones. Nearly all of the 
exposures of the Luning Formation that were mapped in this 
study, south of the Cedar Pass pluton are considered to be 
that of the lower clastic member.
The most striking lithology of the lower clastic mem­
ber of the Luning Formation is the ridge-forming lime­
stones. The limestones are medium to dark gray weathering 
brown with bedding from 6 to 20 centimeters. Along the 
7418 feet ridge, 1.5 kilometers south of Cedar Pass (see 
Plate 1), good exposures show the limestones to grade into 
brown shales (Figure 4). In spite of their thin bedding 
the limestones of the Luning Formation weather massively.
Mottern mapped the quartzites (siliceous mudstones) as 
the most prominant rock type of the lower clastic member. 
The coloring of the quartzites is highly variable from 
white to cream to brown. No visible bedding of these 
quartzites was observed. Mottern (1963) stated that the 
quartzites graded both laterally and vertically into argil­
lites and conglomerates. He also stated the quartzites 
consisted of quartz size grains in a matrix of microcrys­
talline quartz and sericite. It is the sericite within the
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quartzites that imparts a distinct foliation. The quartz­
ites were observed to be in contact with the other rock 
types by Mottern although this author found these contacts 
to be obscure. The quartzites have a tendency to crop out 
on the flanks of the ridges and hills.
The conglomerates were found by Mottern to contain 60% 
rounded chert or siliceous mudstone pebbles, 15% subangular 
quartz (up to 1 millimeter), 2% volcanic fragments and 1% 
iron ore in an argillaceous matrix. The conglomerates were 
mapped only on the south side of the Cedar Pass pluton.
The conglomerates are gray in color which weather brown. 
They also crop out on the flanks of the limestone ridges 
and hills .
The multi-colored, brown to gray to blue argillites 
and shales were well exposed at the southwestern border of 
the mapped area (Figure 5). The shales and argillites, 
with the exception of interbeds in other rock types, crop 
out exclusively in valleys or the lower slopes of the 
ridges and hills.
Although a small portion of the middle member of the 
Luning Formation was mapped by Mottern cropping out in the 
southwest side of the mapped area, this author has omitted
this distinction.
Figure 5: Road cut on 7192 peak showing exposures of 
the shales of the lower clastic member of 
the Luning Formation.
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UPPER MASSIVE LIMESTONE MEMBER
From the east and west central borders of the mapped 
area and extending to the north is the upper massive lime­
stone member of Mottern (Plate 1). It consists of massive 
limestone and dolomites with rare shale Interbeds (Figure 
6 ).
These limestones and dolomites are medium to dark gray 
and weather brown. Although shaly interbeds are rare, they 
do indicate the limestones are thickly bedded and weather 
massively like the limestones of the lower clastic member. 
The beds range from one to greater than three meters in 
thickness. Recrystallization is ubiquitious and the in­
crease in crystalline size to one centimeter is apparently 
one of the effects of the contact metamorphism of the Cedar 
Pass pluton. Other contact metamorphic effects on the 
limestones of the upper member are bleaching, skarn deve­
lopment and calcite veining (Figures 7 and 8). This member 
is a ridge former and the northern boundary of the mapped 
area has been delineated along one of these ridges. North 
of the mapped area is another, slightly lower, limestone 
ridge. Each of these two east-west trending south dipping 
limestone ridges have thicknesses of at least 150 meters.
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Figure 6: Looking east near eastern boundary of the 
map area at the upper massive limestone 
member of the Luning Formation.
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Figure 7. Bedded limestones of the upper member of the Luning 
Formation.





Within the northern Cedar Mountains there are three 
igneous provinces. The first is the granitic main phase of 
the stock of the northern Cedar Mountains with its two or 
three associated minor border phases and several associated 
dikes. This stock has been named, by this author, the 
Cedar Pass pluton because of the excellent exposures just 
west of Cedar Pass. The second province is made up of two 
areas of volcanic rocks. The first area is a volcanic 
block in the east central map area which is bordered on 
three sides by the Cedar Pass pluton. The other area with 
similar lithology is on the western edge of the map area. 
The third province is an exposure of different volcanic 
rocks on the eastern edge of the mapped area (see Plate 1).
The first province, the Cedar Pass pluton, is made up 
of two lobes separated by a narrow limestone ridge which 
has been used as the northern boundary of the map area and 
on which Little Pilot Peak is located (see Plate 1). This 
ridge is composed of 200 meters of gray to white limestone 
of the upper member of the Luning Formation. Although the 
stock is separated by this ridge, it can easily be shown 
that both the southern and northern lobes are part of the 
same stock which crops out over an area of approximately 60
square kilometers.
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The main phase of the Cedar Pass pluton is typically 
light gray in color which weathers medium gray to reddish 
brown. Characteristically it is a medium—grained porphyri— 
tic granite with orthoclase, plagioclase and rare quartz 
phenocrysts each of which range up to 20 millimeters in 
size. Throughout the map area, rocks of the Cedar Pass 
pluton weather into either outcrops a few meters high or 
areas of arkosic pebble size detritus (grus) (Figure 9).
The outcrops of the main phase of the Cedar Pass pluton are 
usually well rounded two to four meters high with three or 
four sets of widely spaced joints. The more abundant, grus 
type of exposures is best shown at and east of Cedar Pass 
(Plate 1) where the pluton is not capped by any other unit 
and physical weathering is maximized. The drainages that 
lie within and adjacent to the Cedar Pass pluton are 
primarily filled with this pebble size arkosic material.
Occurring with the Cedar Pass pluton's main granitic 
phase are three minor phases which crop out typically near 
or at the contact of the Cedar Pass pluton and the Luning 
Formation. The most abundant minor phase is a fine grained 
quartz monzodiorite which contains over 50% plagioclase 
along with quartz, orthoclase, hornblende and biotite in 
decreasing abundance (Figure 10). The quartz monzodiorite 
crops out in pod-like bodies of up to a couple of hundred 
square meters. The most common exposures are made up of

Figure 10: Granitic main phase in contact with the 
quartz monzodiorite border phase at the 
southern contact of the Cedar Pass pluton.
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cobble to boulder size clasts.
The second minor phase is a granite with approximately 
three times as much potassium-feldspar as plagioclase.
This differs from the main phase which has roughly equal 
amounts of plagioclase to orthoclase. This minor phase 
occurs in two areas of pod-like form (see Plate 1) but 
could be more abundant because this type and the granitic 
main phase have similar color and weathering characteris­
tics.
The third minor phase, which also occurs in pod-like 
bodies, is a leucocratic granite. The rock type typically 
decomposes to blocky white clasts which may be similar in 
color and texture to bleached Luning limestones.
Associated with these rocks of the Cedar Pass pluton 
are four different sub-volcanic mostly porphyritic dikes. 
Their composition ranges from dacite to andesite. The most 
abundant dike types are a fine grain mela-andesite and a 
hornblende andesite. These two types cross cut each other 
along an northeast-southwest zone which crops out into the 
lower clastic member of the Luning Formation in the south 
and into the upper member of the Luning Formation in the 
north (see Plate 1). Contacts with these dikes and the 
main phase of the Cedar Pass pluton were not observed.
A third dike lithology is an andesite porphyry. This 
type crops out in two northerly elongated pods in the east
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central part of the Cedar Pass pluton. Again contact be­
tween this dike type and the main phase of the Cedar Pass 
pluton was not observed.
The fourth and last dike type crops out in the north­
western part of the Cedar Pass pluton. This is a dacite 
porphyry and trends east-west to northwest-southeast which 
is anomalous to the other dike trends. Again contacts 
between this dike type and the main phase of the Cedar Pass 
pluton are obscured. The typical exposures for most of the 
dikes is cobble to boulder size detritus.
Cropping out in the east central portion of the map 
area, south of Cedar Pass, is a volcanic block of varied 
lithology. The major unit in this volcanic block is a dark 
gray lithic-rich welded ash-flow tuff of rhyodacite compo­
sition. Also included in this block are volcanic breccias 
and volcanic and sub-volcanic dikes from rhyodacite to 
basalt composition. Occurring as float between this volca­
nic block and the Cedar Pass pluton is a porphyritic rhyo­
dacite. Small, up to 30 centimeters, rounded quartz monzo- 
diorite inclusions occur in this porphyritic rhyodacite. 
These inclusions, which have nearly identical chemistry as 
the quartz monzodiorite minor phase in the Cedar Pass plu­
ton, also occur as small inclusions in the border portion 
of the Cedar Pass pluton near this volcanic block and in 
the leucocratic granite minor phase. In the west-central
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part of the map area, bordering the Luning Formation and 
the Cedar Pass pluton are volcanic tuffs and dikes equated 
with the volcanics of the central volcanic block (see Plate 
1).
The third igneous province crops out on the eastern 
edge of the map area (see Plate 1). These volcanics are 
composed of a series of welded and partially welded ash- 
flow tuffs from green to light gray in color. These tuffs 
differ from the second volcanic province by being made up 
of at least three different cooling units. The tuffs of 
the second volcanic province appear to form in a single 
cooling unit. These tuffs of the third igneous province 





A few small outcrops of the Esmeralda Formation occur 
within the mapped area. The Esmeralda Formation does, 
however, crop out extensively both in Stewart and lone 
valleys to the west and east of the Cedar Mountains. The 
Esmeralda Formation consists of tuffaceous and calcareous 
sandstones and shales, conglomerates, diatomites, lime­
stones and tuffs. In the east central portion of the 
mapped area, white and cream colored tuffs and shales crop 
out in small discontinuous pods in two small areas. Mot- 
tern (1963) believed the Esmeralda Formation to be entirely 
lacustrine within the northern Cedar Mountains. He also 
stated that the Esmeralda Formation has gentle, locally 
steeper, dips away from the mountain range. The Esmeralda 
Formation unconformably overlies the Oligocene eastern 
volcanic province.
The age of the Esmeralda Formation ranges from Late 
Miocene to Early Pliocene (Ferguson and Muller, 1949). 
However, Firby (1963) and several others from the Univer­
sity of California, Berkeley found the Esmeralda Formation 
to range from Clarendonian to Barstovian (Middle to Late 





The older alluvium crops out as ridges in the dissect­
ed older pediments on both eastern and western flanks of 
the Cedar Mountains. The largest of these areas is on the 
western flank of the northern Cedar Mountains where the 
older alluvium crops out in a northwest trending belt as 
much as two kilometers in width and ten kilometers in 
length. The eastern exposures of the older alluvium crop 
out much more sporatically and usually crop out adjacent to 
stream channels or near the steeper range fronts. Dips, on 
both sides of the Cedar Mountains, are five to ten degrees 
away from the core of the range. It is believed that the 
predominance of the western exposures over the eastern 
exposures is due to the increase in precipitation and run­
off of the windward side of the range. The larger amount 
of precipitation during the Pleistocene was probably also a 
factor.
The older alluvium's composition is dependent upon the 
local lithology. Areas near or adjacent to limestone is 
predominated by limestone clasts and areas near to Tertiary 
tuffs will be predominated by tuff clasts. The maximum 
clast size is one meter. The older alluvium is very poor­
ly sorted with at least 50 percent of the material being 
made up of cobble or smaller size fractions. The thickness
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of the older alluvium probably varies from a couple of 
meters to eight or more meters. In most of the area, the 
older alluvium overlies Tertiary rocks, however, on the 
western side of the Cedar Mountains it probably overlies 
pre-Tertiary rocks. In most of the areas, a desert varnish 
or pavement developed on the surface of the older alluvium. 
This formation probably spans at least a few million years 
of depositional history and is, therefore, mapped as Plio- 
Pleistocene.
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RECENT ALLUVIUM AND ELLUVIUM
Recent alluvium crops out primarily in the drainages 
of major intermittent stream channels. Stream beds are 
almost entirely comprised of lithologic material within the 
stream drainage system. Thicknesses of up to five meters 
are probably common. The thicker accumulations of alluvium 
would occur on the flanks, rather than the core, of the 
mountain range and in the larger rather than the smaller 
drainages.
Although not mapped as such, the central parts of the 
pluton decomposes rapidly, compared to the other rocks in 
the mapped area, and yields a blanket of pebble size parti­
cles (grus) or elluvium.
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LOCAL STRUCTURE
Within the map area, three types of faults occur 
ranging from microfaults, having displacements of milli­
meters, to strike-slip faults which are part of a zone that 
could have had as much displacement as 60 to 80 kilometers. 
Faults large enough to be mapped were located as linear 
features on 1:24,000 aerial photographs and then 
transferred to the base map after field checking (Plate 1).
The first type of faults crop out within and at the 
contact of the Cedar Pass pluton and other lithologies.
Most of these faults are high angle normal faults. Observ­
ed slickenslides along two of these faults indicate that 
dip-slip is the major component. Total displacement along 
these faults is usually measured in meters, whereas the 
strike lengths of this type of faults are measured in 
meters to tens of meters. These faults displace both sedi­
mentary and volcanic rocks and are thought to be related to 
the intrusion of the Cedar Pass pluton. The stress pro­
duced by the intrusion seemed to have been taken up as wide 
spread block faulting. On the other hand, stoping of over- 
lying rocks or isolated exotic blocks within the pluton 
were not observed.
Range front faults representative of typical "Basin 
and Range" faults are found on both the east and west sides 
of the map area, and usually crop out in a zone where lower
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slope angles of the valleys change to the steeper slope 
angles of the mountain ranges. This zone varies from 200 
to 500 or more meters in width and several kilometers to 
several tens of kilometers in length. It is generally 
agreed that these Basin and Range structures can have 
displacement of as much as 4000 meters or more (E.R.
Larson, oral communication, 1976). The initiation of the 
Basin and Range faulting was in the early Miocene when 
total subduction of the Farallon Plate was completed 
(Ekren, 1980). The start of early Miocene Basin and Range 
faulting occurred after initiation of local volcanism.
The last type of faults are the surface ruptures of 
the December 20, 1932 Cedar Mountain earthquake. Gianella 
and Callaghan (1932) observed several "rifts and grabens” 
in a general northwest trend throughout Stewart Valley as a 
result of this earthquake. One of these rifts may have 
cropped out as far east as to be on the west side of the 
map area. The next nearest evidence of the December 20, 
1932 earthquake is 5 kilometers north of the map area, 
where the main shaft of the Simon Mine was offset. Move­
ment along the normal or range front faults within the 
northern Cedar Mountains, as a result of this earthquake 
were not observed by Gianella and Callaghan.
Joint measurements were made in conjunction with the 
detailed study and sampling of the granitic rocks in this
study. Joints were measured at ten localities which were 
selectively scattered to give a representative sampling of 
the main phase of the Cedar Pass pluton. Although only 
forty joint measurements were taken, which is not consider­
ed a valid statistical sample, three general trends are 
noted - N3W, N45E, and N85E. This joint pattern was re­
lated to the maximum principal stress direction during the 
intrusion of the Cedar Pass pluton.
From a paper by Watters and Hibbard (preprint, 1981) 
it is stated that the maximum principal stress direction 
can be found by rotating the trend of the principal fault 
direction by 30 to 40 degrees. If the "Walker Lane" is 
taken as the major regional structure (N20W to N30W) then 
the maximum principal stress would be N-S to N20E. Watters 
and Hibbard also found, from field and theoretical studies, 
that dikes tend to align themselves parallel to the maximum 
principal stress. The dike swarm that corps out through 
the west central part of the Cedar Pass pluton trends, in 
part, parallel to this area's maximum principal stress 
direction at the time of emplacement.
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PETROGRAPHY OF IGNEOUS ROCKS AND THEIR IMPLICATION 
OLIGOCENE
EASTERN VOLCANIC PROVINCE
The eastern volcanic province consists of a series of 
intermediate to felsic crystal-rich ash-flow tuffs and in­
tercalated flows. They range in color from green to gray 
and weather tan to brown. In outcrop, these tuffs charac­
teristically have an undulation-like fracture pattern, 
which upon further weathering yields cobble or smaller size 
fractions. These tuffs are well exposed on most of the 
eastern boundary of the mapped area and are in fault 
contact with the rocks of the core of the northern Cedar 
Mountains. Range front faulting has exposed a section at 
least 50 meters thick (Plate 1). Because these tuffs have 
such a contrasting lithology and appearance from the other 
volcanics within the map area, they have been lumped 
together as the eastern volcanic province.
Samples of the tuffs of the eastern volcanic province 
were collected along an east-west traverse located on the 
6964* hill in the east central edge of the map area (Plate 
1). No geochemistry or other laboratory work was performed 
on these eastern volcanics. Both this study and Mottern's 
(1963) has spent little time on these rocks, however, 
Mottern did take one sample from the tuffs of the eastern 
volcanic province and compared it to one tuff from the 
central volcanic block. Mottern listed the following
difference between these tuffs: The eastern volcanic 
province tuffs are less welded; their sanidine has a higher 
2V; their feldspars show more alteration to clays and other 
minerals; their quartz phenocrysts are more "corroded"; and 
the eastern volcanic province tuff's have more secondary 
biotite.
The tuffs that were sampled represent three cooling 
units and two different ash flows. In general, the lower 
tuff has about 50% phenocrysts with plagioclase being the 
most abundant. Most of the phenocrysts are brecciated and 
broken. Only quartz has a well rounded form. Plagioclase 
ranges from An28 to An53 and is up to two millimeters in 
size. Also present as phenocrysts, but in lesser amounts, 
are biotite, sanidine, calcite, quartz and magnetite. 
Accessories include sericite, epidote, chlorite, sphene and 
pyroxene.
The overlying tuffs have only about 25% phenocrysts. 
Phenocrysts in these stratigraphically higher tuffs are 
again mostly broken and brecciated. Plagioclase is the 
most abundant phenocryst and has a compositional range from 
An29 to An42. The other phenocrysts present, which range 
up to 3.5 millimeters, are sanidine, quartz, and calcite. 
Accessories include biotite, magnetite and clays. Devitri- 
fied glass shards and flow structures are found sparingly 
in all of the tuffs.
Only one intercalated flow was found in these tuffs.
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The flow is a dark brown porphyritic tholeiitic basalt. 
Phenocrysts range up to 0.8 millimeters and are poorly 
formed augite (6.8%) and olivine (6.9%). The olivine has 
substantially altered to bowlingite. Well formed 
plagioclase crystallites comprise most of the matrix 
(52.8%). Also present in the matrix, but poorly formed, is 
augite (24.6%) and magnetite (8.9%).
Stewart (1976) has classified these tuffs as andesites 
and related rocks of intermediate composition which consist 
of flows, tuffs and breccias and which fall into his 34 to 
17 million year age group. Regionally, these volcanics 
crop out near the western edge of an east-west belt that 
extends from southern Utah to west central Nevada.
Ekren, et al. (1980) has tentatively correlated these 
tuffs with that of the Guild Mine Member of the Mickey Pass 
Tuff. The Mickey Pass Tuff varies from rhyodacite to 
rhyolite in composition. The composition of the eastern 
volcanic province is more mafic than the average compositon 
of the Mickey Pass Tuff but is assigned, by this author, 
to that period of eruption (28.0 to 26.3 million years).
The source area is believed to be associated with a trough 
that extended from north of the Gillis, Wassak and Gabbs 
Valley ranges through to the northern Cedar Mountains in 
the south (see Figure 1).
OLIGOCENE-MIOCENE IGNEOUS ROCKS
MAIN PHASE OF THE CEDAR PASS PLUTON AND ASSOCIATED ROCKS 
MAIN PHASE
Granitic rocks of the Cedar Pass pluton underlie at 
least 60 square kilometers of the northern Cedar Mountains, 
and about 18 square kilometers of this study's mapped area 
is underlain by these granitic rocks.
The main phase of the Cedar Pass pluton is typically 
light gray in color which weathers reddish brown to medium 
gray. Characteristically it is a two stage porphyritic 
granite with orthoclase, plagioclase and rare quartz 
phenocrysts up to 20 millimeters in size. Two-stage tex­
ture in this study is taken from Hibbard (oral communica­
tion, 1977) as having two distinct size populations which 
is the result of two stages of crystallization.
As an example of this two-stage crystallization, the 
main phase of the Cedar Pass pluton has K-feldspar present 
in two size populations. The first size group is as pheno­
crysts which can be as large as three to eight millimeters. 
The second size population occurs as poorly formed poiki- 
litic masses and late stage infilling where the grains are 
under one millimeter. This two-stage crystallization 
texture is best illustrated by the feldspars but is also 
illustrated by the micas, amphiboles, pyroxenes and quartz.
The main phase of the Cedar Pass pluton falls into the 
granite field according to Streckeisen's mineralogical
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classification (1967, 1976, 1979). According to Chappell 
and White s classification (1975) the main phase is an X — 
type granite, according to Ishihara's classification (1981) 
the main phase belongs to the magnetite series. The main 
phase is also considered metaluminous (Shand, 1945), over­
saturated, and shows a calc-alkaline trend (Peacock, 1931) 
(see section on geochemistry).
The following summary of rapakivi granites comes from 
D. Cohen (1980, unpublished M.S. University of Nevada, 
Reno). Rapakivi granites have sharp, discordant contacts 
and are not conspiculously chilled at their contacts 
(Volborth, 1967, Eskola, 1948, Sahvolati, 1958). Rarity of 
rapakivi dikes and apophyses and the predominance of 
aplitic dikes compared to pegmatities is noted by most 
authors. Chemically rapakivi granites have higher 
potassium and Fe:Mg ratio than normal granites, as well as, 
enrichment in trace elments Zr, Hf, Ba, Rb, Ta and the 
lanthanides (Sahama, 1945). Most rapakivi granites are 
medium to coarse grained.
Sahvolati (1956, 1958, 1959, 1962) expressed the 
generally accepted view that rapakivi granites are 
generated from one relatively uncontaminated magma which 
has been thrust up from considerable depth to relatively 
high levels with subsequent crystallization under extremely 
peaceful, post tectonic conditions.
Hibbard (1980) has proposed a magma mixing origin for
hybrid rocks containing not only mantled feldspars but 
other indicative and "quench" textures commonly seen in 
both rapakivi granites and rocks of mixed magma origin.
The plutonic rocks of the northern Cedar Mountains 
share the following charateristics with other rapakivi 
granites: sharp discordant not conspiculously chilled
contacts, predominance of aplites, rare rapakivi dikes and 
higher K, Ba, and lanthanides than average granites.
The most abundant mineral in the main phase of the 
Cedar Pass pluton is plagioclase which comprises 34.5%.
The composition of the plagioclase ranges from An35 to An55 
for the cores to Anl2 at the rims. None of the rims nor 
any of the late stage matrix crystallization indicates that 
the An content ranges into the albite field. The plagio­
clase grains have oscillatory zoning with a normal trend. 
Plagioclase is usually well formed with some crystal faces. 
It does, however, vary in form from well formed crystals, 
to mantles on K-feldspar, to cellular (dendritic) form.
The potassium feldspars have only small discontinuous areas 
of polysynthetic twinning and a 2V of 70° which indicates 
they have some orthoclase characteristics. The orthoclase, 
which occurs as the largest well formed phenocrysts, com­
prises 31.8% of the rock. Carlsbad and Manebach twins are 
present in several of the larger grains. Synneusis of 
feldspars is present with plagioclase groups being the most
common.
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There are several granitic textures that are important 
to the understanding of the petrogenesis of the Cedar Pass 
pluton. The first textures to be discussed are those which 
interface plagioclase, orthoclase and quartz. Granophyric 
texture is present in the Cedar Pass pluton in small 
amounts. This texture is defined as stringers or blebs of 
quartz in a potassium-feldspar host. This texture is 
present near the contact of the Cedar Pass pluton with the 
central volcanic block.
Myrmekite, which is the intergrowth of vermicular 
quartz hosted by oligoclase occurs near or next to 
potassium feldspar is relatively rare. Myrmekite texture, 
along with the granophyric intergrowths described above, 
only occur near the contact of the main phase of the Cedar 
Pass pluton and the central volcanic block.
Finally, the main phase of the Cedar Pass pluton also 
contains mantled feldspars. Mantled feldspars, which 
usually occur in and adjacent to the quartz monzodiorite 
inclusions, occur near the contact between the main phase 
of the Cedar Pass pluton and the central volcanic block or 
in other apex areas of the Cedar Pass pluton. The apex 
areas, in this study, are defined as the stratigraphically 
highest portions of the pluton at the time of its 
solidification. One such apex area is one kilometer west 
of Cedar Pass (Plate 1). By far the most common mantling 
is rapakivi or plagioclase (oligoclase) mantling over
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postassium feldspar. Anti-rapakivi does occur and 
represents less than 5 per cent of the total mantled 
feldspars. Four types of mantling have been observed.
Also present in the main phase of the Cedar Pass pluton is 
epitaxial overgrowths of K-feldspar over K-feldspar. These 
textures will be discussed in more detail in a later 
section.
The next most abundant mineral (25%) is quartz which 
occurs evenly throughout the matrix and only rarely forms 
phenocrysts. Both of these quartz occurrences have poorly 
formed grain boundaries. Biotite is the next most abundant 
mineral averaging 3.1% with hornblende slightly less at 
2.7%. Although both the biotite and hornblende are random­
ly oriented they tend to form synneusis groups. Throughout 
the pluton, biotite has varying amounts of chloritization. 
Magnetite, sphene and apatite are accessory minerals which 
total as much as 0.8%.
At or near the contact with limestones of the upper or 
lower member of the Luning Formation autoraetamorphism like 
features may have developed in the Cedar Pass pluton. This 
zone is no more than a few meters in thickness and has both 
seritized feldspars and calcite veins and masses.
In the main phase, near the contact with the volcanic 
block and other locations near the boundary or apex of the 
pluton are quartz monzodiorite inclusions up to 30 
centimeters in size. These inclusions will be discussed in
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more detail in a later section.
Coincident with the main phase granitic Cedar Pass 
pluton are three minor phases. The first and most mafic is 
an equigranular fine grained quartz monzodiorite which 
crops out as pods in two areas (Plate 1). Since these pods 
or lenticular bodies are relatively small it is quite 
possible that other similarly small bodies may exist. The 
quartz monzodiorite is dark gray when fresh and brown when 
weathered. Also present in the map area are inclusions, up 
to 30 centimeters in size, of quartz monzodiorite 
composition. These inclusions are, however, a product of 
mixing of the quartz monzodiorite melt and a felsic melt.
Plagioclase comprises 54% of the rock. The An content 
of the plagioclase ranges from An36 to An57 in the core to 
Anl8 to An26 at the rims. The overall shape of the plagio­
clase is well formed with some crystal faces. Plagioclase 
is also normally zoned. Synneusis of plagioclase is quite 
common. Quartz, which is the next most abundant mineral, 
averages about 20%. Both quartz and K-feldspar act as the 
host in poikilitic masses. About 8% of the rock is poorly 
formed K-feldspar. As in the main phase, the K-feldspar 
appears to have orthoclase characteristics with some 
perthitic zones. Although uncommon, some orthoclase is 
partially replaced by plagioclase.
Also present in subequal amounts are hornblende and 
biotite each of which comprises roughly 6% of the rock.
The biotite in the quartz monzodiorite, as in the main 
phase granite, shows at least some chloritization. Bio­
tite, hornblende and magnetite form synneusis clots. 
Accessory minerals are magnetite, apatite, and sphene which 
total 1.1%.
Again some thermal retrograde metamorphism like fea­
tures (autometamorphism) has taken place. This metamor­
phism, sort of stewing in its own juices, has added three 
alteration minerals: sericite, calcite and actinolite.
Plagioclase, in one of the samples, has undergone marked 
seritization. Actinolite was found in three samples and 
appears to be forming at the expense of other minerals.
The second minor phase is also a porphyritic granite 
slightly more felsic than the main phase. This was first 
recognized from thin section work because not only is this 
type similar in color to that of the main phase but the two 
also weather similarly. This phase, which is nearly 
identical chemically to the main phase, is distinguished by 
its feldspar ratio. The main phase's feldspar ratio 
(plagioclase:orthoclase) is roughly 1:1 with this granitic 
phase's ratio 1:3. There are two small areas of this phase 
that crop out on the northern border of the map area.
These are near or at the contact with the upper massive 
limestone member of the Luning Formation.
In this minor granitic phase, K-feldspar is the most 
abundant mineral and averages 51.3% of the rock. K-feld-
spar is poorly formed with no crystal faces and ranges from 
0.1 to 4.0 millimeters. Carlsbad twins were common. Both 
K-feldspar and quartz acted as the hosts in poikilitic 
masses. These poikilitic areas were much less common that 
in the quartz monzodiorite. Quartz is the next most abun­
dant minerals averaging 27.3%. Quartz grains are also 
poorly formed with no crystal faces and ranges in size from 
0.05 to 1.5 millimeters. K—feldspar tended to have micro- 
cline characteristics. The next most abundant minerals is 
plagioclase which averages 17.2%. Plagioclase varied in 
size from 0.2 to 4.0 millimeters and is poorly formed with 
some crystal faces. Cellular plagioclase is present. The 
composition of plagioclase is from An35 for the cores to 
An20 for the rims. Biotite and hornblende are next in 
abundance averaging 1.9% and 1.4%. They vary in size from 
0.2 to 2.5 millimeters. Biotite is well formed with some 
crystal faces and has chocolate brown to tan pleochroism. 
Hornblende is well formed with no crystal faces and has 
green to olive pleochroism. Magnetite averages 1.0% and 
sphene, apatite and sericite are accessory minerals.
The third minor phase is a porphyritic monzonite. The 
monzonite is white when fresh and tan when weathered. This 
type usually occurs as outcrops a meter or more in height. 
This minor phase has been mapped in two areas (Plate 1).
The monzonite occurs in both pod and dike form and along 
with the main phase and the rhyodacite of the central
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volcanic block has up to 30 centimeter quartz monzodiorite 
inclusions. Each feldspar comprises approximately 37% of 
the monzonite. Plagioclase is well formed with some 
crystal faces and K-feldspar is poorly formed with no 
crystal faces. Plagioclase shows synneusis and ranges in 
size from 0.2 to 3.0 millimeters. The cores average An49 
and the rims An28. K-feldspar ranges in size from 0.2 to 
6.0 millimeters. The majority of each K-feldspar grain is 
perthitic. Quartz averages 18.7% and ranges from 0.1 to 
0.6 millimeters. It appears to be a later formed mineral 
and is poorly formed with no crystal faces. Actinolite is 
next in abundance at 4.8% and is poorly formed with no 
crystal faces. The size ranges from 0.1 to 1.5 
millimeters. An amphibole, sphene, biotite and apatite are 
the accessory minerals which form synneusis clots. There 
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DIKES AND VEINS
The dikes and veins that crop out in and adjacent to 
the Cedar Pass pluton range in composition from granite to 
andesite. The smallest of these dikes or veins are quartz 
veins and dikelets which average one centimeter in width 
and have been observed to be as much as 15 centimeters in 
width. The largest dikes are the andesite porphyry which 
are as much as 75 meters in width.
The smallest of these tabular igneous bodies are the 
quartz veins and aplite dikelets. Although they average 1 
centimeter in width, these veins and dikelets varied in 
width depending upon the host rock that they crop out in. 
The quartz veins and aplite dikelets were observed to be up 
to 5 centimeters in width in the quartz monzodiorite minor
phase and up to 10 to 15 centimeters in width in the main
d \
granite phase of the Cedar Pass pluton. Throughout the 
entire map area only 20 to 30 quartz veins or aplite 
dikelets were observed. Although the veins and dikelets 
are found in the same general area, they were not observed 
to cross cut each other.
Only a few of these veins and dikelets were thin 
sectioned. No geochemical analyses were performed on 
either of them. The quartz veins are composed on milky 
quartz which fractured perpendicular to the contact. The 
aplite dikelets, when only a few centimeters wide, are 
composed of K-feldspar and quartz in graphic intergrowths
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where the individual grains are under one centimeter. The 
thickest aplite dikes have cores that are pegmatitic (grain 
size greater than 2 centimeters). The pegmatitic cores are 
also composed of K-feldspar and quartz, typically pinch and 
swell with no apparent compositional or textural change in 
the aplitic selvage.
Trending in a northwest belt in the western half of 
the Cedar Pass pluton are two dikes. These are a horn­
blende andesite and a mela-andesite. The most abundant of 
these two dikes is the mela-andesite which is fine grained 
equigranular and dark greenish black when fresh. In the 
field, this dike type is easily recognizable because it 
weathers forming well rounded dark chocolate brown rubble 
(Figure 12). Outcrops of this rock type are very rare with 
the typical exposures made up of well rounded rubble up to 
20 centimeters in size. This dike type had widths from 2 
to 10 meters with individual dikes having strike lengths of 
as much as one kilometer (Figure 13). These dikes crop out 
in an en echelon pattern through almost the whole north- 
south exposure of the Cedar Pass pluton.
The mela-andesite dikes have an intergranular texture 
with 50 to 60% plagioclase, 30 to 35% augite and 5 to 10% 
magnetite. Plagioclase has a normal oscillatory trend from 
An43-49 in the cores to An28-35 at the rims. Plagioclase 
crystals occur up to 1 millmeter and are well formed with 




Figure 13: Mela-andesite dike intruded into





clase grains are cellular. Augite is the next most abund­
ant mineral and is usually poorly formed with some crystal 
faces. The augite grains occur up to 0.5 millimeters. 
Magnetite also occurs poorly formed with some crystal 
faces.
The second dike type in the northwest belt is a horn­
blende andesite. The hornblende andesite dikes occur in 
outcrops and blocky-angular rubble from cobble to boulder 
size (Figure 14). They range in width from 2 to 10 meters. 
The hornblende phenocrysts are not everywhere common but 
are present enough to warrant the lable. The phenocrysts 
are up to 2 centimeters in length and 4 to 5 millimeters in 
width and show good felsic texture. The hornblende andes­
ite is greenish gray when fresh and light greenish gray to 
gray brown when weathered. In the larger outcrops, 
jointing was usually parallel to the contacts.
The hornblende andesite dikes have 55 to 75% plagio- 
clase, 15 to 35% hornblende and 6 to 20% magnetite. The 
plagioclase grains are well formed with crystal faces and 
occur up to 0.3 millimeters in size. They also have normal 
oscillatory trends. Hornblende is the next most abundant 
mineral and occurs in well formed phenocrysts. The horn­
blende has tan to greensih brown pleochroism and ranges 
from 0.05 to 2.0 millimeters in size. There is very slight 
to total replacement of hornblende by calcite and minor 
chlorite. Magnetite is the next most abundant mineral and
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Figure 14 Hornblende andesite outcrops
occurs in well formed grains with crystal faces. Accessory 
minerals include apatite and sphene.
The hornblende andesite and the mela-andesite dikes 
are co-magmatic. Throughout the northeast trending belt of 
these dikes, there are several places showing that each 
dike apparently cuts or lies within the other. South of 
the main road exposures of these dikes generally trend 
north-south. Just north of the main road, however, the 
dikes trend north-northeast. At the southern edge of the 
Cedar Pass pluton, these two dikes crop out into the lower 
member of the Luning Formation. The dikes, even though not 
observed to continue into the northern lobe of the Cedar 
Pass pluton, probably do continue to the north.
Perhaps associated with these last two dikes are 
dacite porphyry dikes. When fresh these dikes are green 
and when weathered the dikes are light greenish brown to 
chocolate brown. Phenocrysts to 1.5 centimeters are 
abundant and make up as much as 50% of the rock. This 
dacite porphyry crops out in 3 areas on the north side of 
the map area and have been observed to continue north into 
the northern lobe of the Cedar Pass pluton (Figure 15). A 
volcanic breccia dike was found in the central volcanic 
block which is chemically similar to the dacite porphyry.
Of the dikes present in the map area, this type, more than 
the other dikes, forms outcrops. The outcrops are usually 
1 meter high and average 5 meters in width with widths up
60
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Figure 15 A dacite porphyry
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to 25 meters. This dacite porphyry, like the former two 
dike types, has the strike lengths at least 10 times that 
of the widths.
The dacite porphyry has plagioclase, hornblende, 
biotite, quartz and magnetite phenocrysts. Plagioclase 
grains occur up to 3 millimeters and are well formed with 
crystal faces. The plagioclase has a normal oscillatory 
trend with some phenocryrsts having at least four oscilla­
tions. The composition ranges from An39-46 at the cores to 
An28-30 at the rims. Some of the plagioclase grains were 
totally altered to calcite and chlorite. Synneusis of 
plagioclase-plagioclase is common. Both hornblende and 
biotite were also common in synneusis relationships. 
Hornblende occurs up to 4 millimeters with brown to olive 
pleochroism. Hornblende and biotite are both well formed 
with some crystal faces. The biotite grains are up to 1.5 
millimeters in size and shown no chloritization.
Pleochroism was from reddish brown to brown. The last 
pheoncrysts are quartz and magnetite which are both poorly 
formed. The quartz grains are well rounded and have 
corroded edges, which are up to 2 millimeters in size. The 
matrix is less than 0.2 millimeters in size and is 
principally composed of plagioclase, magnetite and biotite 
with accessory apatite.
The last dike type is an andesite porphyry. These 
dikes crop out as two large pods, rather than dikes, near
and at the east central boundary of the Cedar Pass pluton 
(see Plate 1). These pods are as much as 75 meters in 
width and are two or three times that long. Like most of 
the other dikes, this type usually has exposures of cobble 
size rubble. The andesite porphyry is light greenish when 
fresh and brown when weathered.
The andesite porphyry is made up of phenocrystic 
chlorite and calcite clots up to 4 millimeters in diameter 
which have replaced plagioclase phenocryrsts in a fine 
grain matrix. The plagioclase grains occur as well formed 
microlites and comprise about 60% of the rock. Chlorite is 
next in abundance at 30%, with calcite at 5% and magnetite 
at 5%. The chlorite and calcite grains are poorly formed 
and occur only in the phenocrystic clots. Magnetite is 
well formed with some crystal faces and is less than 0.1 
millimeters. Sphene, apatite and biotite are accessory
minerals.
SECOND IGNEOUS PROVINCE
The second igneous province consists of volcanic rocks 
of varied lithology that crop out in two exposures in the 
central and western part of the map area. The first, and 
largest area, is referred to as the central volcanic block 
and crops out south of the main road from west of Cedar 
Pass to near the eastern boundary of the map area. This 
block is bordered on three sides by the main phase of the 
Cedar Pass pluton and on the east by the eastern volcanic 
province. The second area crops out near the west central 
border to the map area (Plate 1).
The major unit in these two areas is a lithic-rich 
welded ash flow tuff of rhyodacite composition. Also 
cropping out in this province are volcanic and sub-volcanic 
dikes, breccias and flows. Rimming the central volcanic 
block on three sides and occurring as apophyses and dikes 
into the central block is a porphyritic rhyodacite.
Ever since the northern Cedar Mountains has been 
mapped, the rocks of the second igneous province have been 
lumped into the Luning Formation - Knopf (1917), Muller and 
Ferguson (1936), Ross (1961), Mottern (1963), and Stewart 
(1980). This reflects that work by most of these 
investigators have been reconnaissance in scope. With the 
24.2 million years date on the quartz monzodiorite minor 
phase, and that mixed magma inclusions of the quartz 
monzodiorite are found in the porphyritic rhyodacite, this
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evidence brackets the second igneous province into the 
Oligocene-Miocene age.
The major unit in the second igneous province is a 
lithic-rich welded ash-flow tuff of rhyodacite composition. 
These tuffs are welded and appear to weather as a single 
unit. These tuffs are gray when fresh and medium to dark 
gray to brown when weathered. Typically they form cobble 
or larger size rubble. The lithic fragments tend to 
weather faster than the matrix or phenocrysts and leave 
vugs .
Quartz is the most abundant phenocryst in the 
rhyodacite tuffs averaging 19.4%. Quartz ranges in size 
from 0.5 to 3.0 millimeters and many grains are embayed. 
Plagioclase averages 16.3% and ranges in size from 0.5 to 
2.0 millimeters. The composition of the plagioclase grains 
is from An43 at the cores to An28 at the rims. K-feldspar 
comprises 11.3% and ranges in size from 0.5 to 2.0 milli­
meters. Most, if not all, of the grains are bent and show 
at least some chloritization. Hornblende and magnetite are 
accessory minerals. All of the phenocrysts are poorly 
formed and may have a few crystal faces. Most of the 
phenocrysts are broken. The matrix show flow structures. 
The lithic fragments vary in abundance from as little as 
10% to as much as 40% of the rock. The matrix is very fine 
grained and averages 51.0% of the rock.
The next most abundant rock types are porphyritic and
non-porphyritic mafic dikes. Geochemicaly, these are a 
prophyritic mela-andesite and a basalt (Table 1). The 
matrix of each of these is cryptocrystalline. These dikes 
crop out at the western end of the central volcanic block 
and show chilled margins and flow structures to the 
porhyritic rhyodacite. Porphyritic rhyodacite inclusions 
were also found in these dikes.
To the southeast of Cedar Pass in the saddle of the 
7538 ridge (Plate 1) there are outcrops of a coarse 
breccia. Samples of this breccia were geochemically 
analyses and found to be almost identical chemically to 
the dacite porphyry dikes. Also cropping out in the tuffs 
of the central volcanic block and the western volcanic area 
are apophyses and dikes of the porphyritic rhyodacite.
The porphyritic rhyodacite is a hypabyssal rock, that 
because of its textural characteristics and location, is 
considered to be part of the second igneous province. This 
rhyodacite occurs as rubble on three sides of the central 
volcanic block and as a few dikes and apophyses intruding 
into the overlying tuffs. On both the north and south 
sides of the central volcanic block, the rhyodacite occurs 
as cobble or larger size float. At the western end of the 
central volcanic block several outcrops were found which 
show spatial relationships between the rhyodacite and other 
igneous rocks of the Cedar Pass pluton and the central 
volcanic province. A few dikes of the porphyritic
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rhyodacite were found in both areas of the second igneous 
province.
The rhyodacite is medium of dark gray when fresh and 
light gray when weathered. The rhyodacite, along with the 
main phase and monzonite minor phase of the Cedar Pass 
pluton, has quartz monzodiorite inclusions. Chemically, 
the rhyodacite is the most felsic rock in the map area.
The most abundant phenocrysts in the porphyritic 
rhyodacite is K-feldspar which averages 13.4%. The 
feldspar is optically sanidine which shows Carlsbad, 
Manebach and Baveno twins. The grains are well formed with 
many crystal faces and range in size from 0.3 to 5.0 
millimeters. The next most abundant mineral is quartz 
which averages 12.3%. These quartz grains are frequently 
embayed. Quartz phenocrysts are well formed with many 
crystal faces and range in size from 0.3 to 3.0 
millimeters. Plagioclase averages 11.2% and is commonly in 
synneusis clots with both other plagioclase and K-feldspar. 
The compositional variation in plagioclase is An30 for the 
cores and An23 for the rims. Plagioclase is well formed 
with many crystal faces and ranges in size from 0.3 to 1.5 
millimeters. Rapakivi texture is also present in the 
rhyodacite. Biotite is the most abundant mafic mineral 
comprising 1.0%. The biotite shows green to brown
pleochroism and many grains are bent. Chlorite has 
partially replaced most of the biotite grains. The
■
accessory minerals are chlorite, magnetite, hornblende and 
sphene. The matrix comprises 61.4% of the rock and varies 
in size. In the coarser grained matrix varieties
n m
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granophyric texture comprises all of the matrix.
BASIC INCLUSIONS
Basic inclusions of quartz monzodiorite composition 
occur in at least three of the units in the map area. They 
are common in the apex areas of the main phase of the Cedar 
Pass pluton, the overlying rhyodacite and in the monzonite 
minor phase. Within the main phase of the Cedar Pass 
pluton, the inclusions occur only at or near the contact 
with the Luning Formation or the rhyodacite and in one area 
in the west central part of the map area. This last 
occurrence although not near any other lithologic unit, 
represents a portion of the apex area of the pluton in 
which the overburden, probably the Luning Formation, has 
been eroded away. The quartz monzodiorite inclusions in 
the main phase range in size from less than a centimeter to 
over 30 centimeters (Figures 16 and 17). The inclusions 
usually occur within 20 meters of the contact with the 
limestones and within 15 to 20 meters of the rhyodacite.
The inclusions seem to be randomly distributed, where 
they occur, and do not form aggregates. Commonly they will 
weather faster than the host rock and leave voids. When 
fresh the inclusions are black, while when weathered they 
are grayish black to gray. Typically, they are ovoid in 
shape and most, if not all of them, are porphyritic 
containing plagioclase and K-feldspar phenocrysts.
Commonly, the K-feldspar phenocrysts are mantled by 
plagioclase having a compositional range from An22 to An24.
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Figure 16. Quartz monzodiorite inclusions in the main phase of 
the Cedar Pass pluton.
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Figure 17. Quartz monzodiorite inclusions in the main phase of 
the Cedar Pass pluton.
Mantling of feldspars is also found near these inclusions 
in the host rock. Cellular (dendritic) plagioclase also 
occur in and adjacent to these mafic inclusions.
The second occurrence of basic inclusions is in the 
porphyritic rhyodacite (Figure 18). These inclusions, as 
with the inclusions in the main phase, appear to be more 
concentrated near the overlying central volcanic block. 
These inclusions also seem to be of the same form and 
density as those of the main phase of the Cedar Pass 
pluton. Within the rhyodacite, however, near the basic 
inclusions, mantled feldspars are more abundant than in the 
same environment in the main phase. In a few areas the 
quartz monzodiorite inclusions tend to aggregate. Although 
there are only a few outcrops along the rhyodacite-central 
volcanic block contact, it is believed that these inclu­
sions occur along most of the contact.
A third occurrence of basic inclusions is in the 
monzonite minor phase (Figure 19). The best exposures of 
this occurrence are the outcrops in the north central lobe 
of the Cedar Pass pluton (Plate 1). Again the inclusions 
are very well rounded and do not appear to be elongated or 
flatten or form the aggregates. Their density appears to 
be as in the other rock types, which is about one inclusion 
for every one square meter of outcrop.
Although the inclusions are porphyritic, it is 
believed that these phenocrysts have been incorporated into


the inclusions, from a felsic melt, during a process of 
magma mixing as similarly described by Pabst (1928) and 
Hibbard (1981). Geochemically, these inclusions are a 
mixture of the quartz monzodiorite minor phase of the Cedar 
Pass pluton and a felsic melt. Although the most felsic 
igneous rock in the northern Cedar Mounains is the 
porphyritic rhyodacite, chemically it appears as though 
these inclusions are primarily a mixture of the granitic 
main phase of the Cedar Pass pluton and the quartz 
monzodiorite minor phase (Tables 1 through 3 and Figure 
38). Also substantiating this mixing episode is the 
plagioclase mantles on the K-feldspar (rapakivi texture). 
Both within and exterior to the mafic inclusions the 
plagioclase mantles vary in composition from An22 to An24. 
Cellular (dendritic) plagioclase also occurs within and
exterior to the mafic inclusions.
PETROGENESIS
There are several textures that are important to the 
petrogenesis of the igneous rocks of the northern Cedar 
Mountains. The first group is three different textural 
relationships between quartz, plagioclase and K-feldspar. 
The second group is related to magma mixing as shown by 
plagioclase morphology. The third and most conspicuous, on 
a megascopic scale, is the mantling of feldspars - rapakivi 
and anti-rapakivi.
The first group's textures are granophyric, myrmekite 
and graphic. The most abundant of these is granophyric 
texture. This texture is very abundant in the rhyodacite 
and rare in the apex portion of the main phase of the Cedar 
Pass pluton (Figure 20). Myrmekite is also found in the 
apex areas of the main granitic phase of the Cedar Pass 
pluton (Figure 21). The last quartz feldspar intergrowth 
is graphic texture. Here quartz and K-feldspar grew pre­
ferentially, orienting quartz according to K-feldspar's 
crystal structure. It could also be interpreted as a type 
of poikilitic texture. Graphic texture is found in aplite 
dikelets cutting the granitic main phase (Figure 22).
These aplite dikelets, as was metioned before, occur from 1 
to 15 centimeters.
The interpretation of these microscopic textures, as 
applied by Hibbard (1979), indicate their importance in 
interpreting the point at which a magma reaches water
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Figure 23. Photomicrograph showing dendritic plagioclase. Note 
well formed crystal boundary.
Figure 22. Photomicrograph showing graphic texture in a small 
vein in the main phase.
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saturation. Magma saturation may also aid in establishing 
the timing of mineralization. The presence of myrmekite, 
and possibly granophyric, texture is a major sign post at 
marking the point at which a magma reaches water 
saturation. Within the igneous rocks of the Cedar Pass 
pluton, myrmekite is rare and granophyric texure is 
abundant in only the porphyritic rhyodacite hypabyssal 
phase of the central volcanic block. The scarcity of these 
textures implies that the magma was not saturated until 
very late in tis crystallization. The point at which the 
magma reached saturation would be at 98% of crystalliza­
tion. This low water content in the main phase of the 
Cedar Pass pluton is also inferred from the sharp contacts 
(usually a few centimeters) with other igneous phases, 
relatively sharp contacts (to several centimeters) with 
sedimetnary rocks and the narrow skarn zones along most of 
the limestones of the Luning Formation.
The next texture is illustrated by plagioclase 
morphology. Oligoclase cellular (dendritic) and skeletal 
forms occur in several of the plutonic and volcanic rocks 
from the map area. Work done by Fenn (1977), Lofgren 
(1974) and Swanson (1977) indicate the undercooling of 
magma produces these crystal morphologies. Hibbard (1981) 
believes that these two textures are the critical textures 
in the interpretation of mantled feldspar or rapakivi and 
their relationship to magma mixing. Both cellular (dendri-
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tic) and skeletal plagioclase have been produced experimen­
tally by Lofgren (1977) and Swanson (1977). The morphology 
of the plagioclase, as shown by these researchers, is 
dependent upon the degree of undercooling of a magma which 










Cellular (dendritic) form, for example, would be produced 
by undercooling a magma by 100°C to 200°C below its 
liquidus temperature.
Cellular (dendritic) plagioclase is present in the 
granitic main phase, the granitic border phase of the Cedar 
Pass pluton and in the quartz monzodiorite inclusions which 
occur in three of the igneous rocks (Figure 23) (see 
section on Basic Inclusions). Cellular (dendritic) 
plagioclase occurs in two types.
The first type is that of individual phenocrysts where 
micro oligoclase crystals join together in a patch work 
resembling a chess board. These aggregates of crystals can 
also have well formed exterior boundaries (Figure 23). The
individual grains within these aggregates frequently occur 
in the same optical orientation. These aggregates can 
occur up to the same size as that of the other plagioclase 
phenocrys ts.
The second occurrence of cellular (dendritic) 
plagioclase is as mantles over K-feldspar phenocrysts 
(Figure 24). There are two forms of this type. The first 
form is where cellular plagioclase principally mantles the 
(001) face of the potassium feldspar host. The thickness 
of this cellular mantle can be up to one millimeter.
Another form of this type occurs as layered "cellulites" 
parallel to either the (100) or the (010) faces (Figures 26 
and 27). The second type of mantling by cellular 
plagioclase occurs in combination with synneusis effects 
(Figure 26). Epitaxial over growths of cellular 
plagioclase on plagioclase was also observed.
Skeletal plagioclase was observed in only two grains. 
This skeletal plagioclase acted as the host for later 
plagioclase crystallization.
The last textural feature is mantling of feldspar 
(Figures 25 and 28). The most common is rapakivi or 
mantling of oligoclase (An22 to An24) over K-feldspar. At 
least four types of mantling occur. The first two types 
were discussed under cellular (dendritic) plagioclase. The 
third type of mantling is synneusis of different size 
plagioclase grains onto and effectively mantling K-
81
Figure 24. Photomicrograph showing dendritic plagioclase mantling 
K-feldspar (rapakivi).
Figure 25. Mantled feldspar in main phase of the Cedar Pass 
pluton.
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Figure 26. Photomicrograph showing dendritic plagioclase rim with 
plagioclase grain in synneusis relationship on K- 
f eldspar.
Figure 27. Photomicrograph showing dendritic banded rim and 
dendritic rim on K-feldspar.
*
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Figure 28. Photomicrograph showing rapakivi texture in granitic 
main phase. *
feldspar. This type is very uncommon. The last type is a 
non-cellular (dendritic) mantle of oligoclase over K- 
feldspar. This type is rare.
Although not recorded by Hibbard in his 1981 paper, 
anti-rapakivi does occur in the main phase of the Cedar 
Pass pluton. Large K-feldspar phenocrysts in a few cases 
have cores of plagioclase grains(Figure 29). Figure 30 
shows a plagioclase crystal of oligoclase composition 
infilled and mantled by K-feldspar.
Also present in the main phase of the Cedar Pass 
pluton is epitaxial overgrowth of K-feldspar over K- 
feldspar as indicated by different extinction positions.
Two good examples have been observed. One shows a well 
formed crystal with a uniform overgrowth of potassium 
feldspar (Figure 31). Also incorporated into the mantle in 
synneusis relationship is a plagioclase grain. In the 
second example, a rounded poorly formed K-feldspar crystal 
is mantled by a uniform mantle of K-feldspar which 
parallels the grain boundary and has striped banding 
(Figure 32 )»
Another type of "mantling" or epitaxial overgrowth is 
biotite crystals "mantling" a plagioclase grain (Figure
33) .
The occurrence of mafic inclusions, cellular 
plagioclase and mantled feldspars indicate a change in the 
physical and chemical equilibrium within the magma system.
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Figure 29. Photomicrograph showing K-feldspar mantling of 
plagioclase (anti-rapakivi).
Figure 30. Photomicrograph showing K-feldspar mantling over 
plagioclase (anti-rapakivi).
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Figure 31. Photomicrograph showing epitaxial overgrowth of K- 
feldspar on K-feldspar. Plagioclase synneusis also 
occurring.
Figure 32. Photomicrograph showing epitaxial overgrowths of K- 
feldspar on K-feldspar. Note that overgrowth is not 
"euhedra1iz ing”.

Crystallization of the Cedar Pass pluton follows a 
relatively normal crystallization sequence until this point 
of disequilibrium. Potassium feldspar and plagioclase 
crystallized early which was followed by quartz. Both 
mafic and accessory minerals grew early and continuously. 
Overlap in growth periods has taken place as evidenced by 
inclusions of each feldspar within the other. The presence 
of phenocrysts indicate that the magma had been intruded 
into a higher stratigraphic position after only a short 
time in the crystallization sequence. Crystallization 
continued until the outer zones of plagioclase reached a 
composition of AN22 to An24. At that point an influx of 
hotter more mafic (hence more calcic) magma took place. 
Continued crystallization of K-feldspar and quartz may have 
ceased when the more calcic material was mixed into the 
felsic system.
Temperature differences of 100°C to 200°C between the 
mafic and felsic melts is assumed based on the presence of 
cellular (dendritic) and skeletal plagioclase as predicted 
by the studies of Lofgren (1974). The added heat due to 
mixing of mafic melt would elevate the felsic melt tempera­
ture above the liquidus. The resultant effects on the 
felsic melt could be the resorption, rounding and embaying, 
of some of the existant crystals. The supercooling effects 
on the mafic melt would produce cellular and skeletal 
plagioclase and rapakivi textures. The more calcic
mrnmmmmmfmmmmmmmmtmmm
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plagioclase present in the mafic melt would nucleate onto 
any available nucleation site. With such a supercooling of 
the mafic melt fraction and the lack of nucleating sites 
for plagioclase, the calcic plagioclase would nucleate even 
onto K-feldspar. Synneusis of plagioclase onto K-feldspar 
and incorpoated into the plagioclase mantles could also be 
an active mechanism. Calcic spikes in plagioclase grains 
would also be expected.
The supercooling and superheating of juxaposed melts, 
by the very nature of temperature and viscosity differ­
ences, should result in heterogeneity. Thus, having one 
plagioclase phenocryst undergoing resorption and later 
mantling, could be near or even adjacent to another plagio­
clase grain that shows a normal crystallization sequence.
As crystallization continues the system would gradually 
return to equilibrium. Quartz and K-feldspar would begin 
to crystallize again during or just after the late stages 
of mantling of plagioclase. Sodic plagioclase would 
continue crystallizing until plagioclase was depleted at 
Anl2. Hibbard (1981) visualized the " euhedraling" of 
rounded feldspar grains after crystallization began again. 
This process did not seem to be present in the crystalliza­
tion history of the Cedar Pass pluton (Figure 32). After 
plagioclase was depleted K-feldspar and quartz continued 
crystallizing and formed fill-in or poikilitic textures, 
and in one case, granophyric textures when crystallization
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was near the end. Myrmekite is also present very late in 
the crystallization sequence. These last two textures are 
markers used to determine water saturation.
GEOCHEMISTRY
Two separate sets of geochemical analyses were run on 
igneous rocks from the map area. The first analysis was 
performed by CONOCO on 15 selected igneous rocks using 
their TEFA method (Tube Excited Fluorescence Activation). 
These samples were run for 10 major and minor oxides and 14 
trace elements. The 15 samples were representative samples 
of the plutonic suite from the Cedar Pass pluton, the 
volcanic dikes that intrude it, and the volcanic suite from 
the central volcanic block (Table 1 through 3). No 
samples from the estern volcnic province were run.
The other analysis of six samples was run at the 
Phoenix Memorial Lab at the University of Michigan, Ann 
Arbor for Dr. M. J. Hibbard at the Univeristy of Nevada, 
Reno. The analysis was performed using neutron activation 
and standardized using te United States Geological Survey's 
sample GSP #1. The samples were run for 7 rare-earth 
elements and 24 other trace elements. This analysis was 
run on a sample of the main phase granite, the quartz 
monzodiorite inclusion and 4 samples from the central 
volcanic block (Table 4). Examples of all of these samples 
were run as part of the CONOCO analyses.
The geochemistry is presented in Tables 1 and 2.
Tables 1 through 3 lists the major oxides which have been 
normalized to 100%, the CIPW norms and the modal averages
when available. Table 4 lists the trace element data for
the six samples run by the Univeristy of Michigan. Also on 
the list is Taylor's (1958) average granite value. In 
comparison the the cedar Pass pluton, ths average granite 
value show the Cedar Pass pluton as having higher Ba, Cr, 
Co, rare-earth elements, Cd, Sb, and lower Ta values. The 
higher concentration of Cr and Co is probably due to minor 
amounts of mafic clots in the test sample.
Also included with the geochemical tables, is an AFM 
plot, and Alkali-Lime plot, a series of Harker variation 
diagrams, a plot of rare-earth elements and a plot of 
normalized feldspars and quartz. The AFM diagram shows 
that the igneous rocks from the Cedar Pass pluton have a 
calc-alkaline trend. In the Harker variation diagrams the 
Cedar Pass pltuon has lower CaO and FeO at most SiO? values 
and higher K^O and A^O^ at most SiC^ values than the 
Sierra Nevada or Southern California batholiths.
The rare-earth elements analyses has a typical trend 
for granites. The analysis shows a selective enrichment 
for the heavier rare-earth elements although all of the 
rare-earth elements are, at least, slightly enriched. The 
rare-earth elements analyses also shows a larger than 
normal europium anomaly, which indicate these rocks 
underwent significant fractionation of feldspar at 
relatively shallow depths (Lipman, 1978).
The geochemistry also helps support the following. 
First, that the main phase differentiated to the granitic



















Si02 59.14 62.19 68.98 69.38 70.59
Ai ° 17.16 15.84 16.50 16.54 15.65
Fe2°3 6.35 5.28 2.28 .22 .65
MgO 4.31 4.12 .85 .80 .87
CaO 6.82 5.07 2.42 2.91 2.70
Na20 2.98 3.45 4.23 4.10 4.01
k2o 2.16 2.83 4.17 5.56 5.11
Ti°2 .74 .76 .36 .32 .27
P2°5 .22 .33 .14 .13 .11
MnO .12 .13 .07 .04 .04
NORMATIVE MINERALS
Quartz 12.19 14.82 22.41 1.790 21.62
Orthoclase 12.75 16.74 24.61 32.89 30.20
Albite 25.20 29.15 35.75 34.67 33.91
Anorthite 27.08 19.39 11.10 10.30 9.64
Corundom — — .97 — —
Wollastonite 2.21 1.50 — .97 .95
Enstatite 10.72 10.25 2.11 2.00 2.16
Ferrosilite 4.65 2.64 — — —
Magnetite 3.28 3.29 .61 — —
Hematite — — 1.44 .22 .65
Ilmenite 1.40 1.45 .68 .08 .08
Sphene — — — .67 .54
Apatite .52 .77 .32 .30 .25
TABLE 1. Continued
MODAL VALUES
Quartz 20.2 28.4 18.7 27.3
Plagioclase 53.9 35.9 37.6 17.2
Orthoclase 8.2 26.7 36.5 51.3
Magnetite 0.8 0.2 0.7
Pyroxene 2.5
Biotite 6.0 6.2 2.0 1.9
Amphibole 6.4 2.1 4.8 1.4
Calcite 0.7 0.1
Sphene 0.3 0.4 0.4 0.1
Sericite 0.1 0.1
Chlorite 0.9
* Total iron as










Si02 54.77 54.45 54.76 67.04
A1 0 15.58 17.29 14.23 15.64
Fe2°3 8.52 7.25 11.45 3.65
MgO 6.33 6.35 4.17 2.45
CaO 6.63 7.27 7.21 3.57
Na20 3.12 2.30 3.96 3.46
k2o 2.57 2.82 1.46 3.39
Ti02 1.55 1.25 2.14 .54
P2°5 .78 .89 .44 .18
MnO .15 .13 .18 .08
NORMATIVE MINERALS
Quartz 2.81 6.23 5.53 22.89
Orthoclase 15.18 16.68 8.62 20.04
Albite 26.42 19.49 33.46 29.30
Anorthite 20.91 28.51 16.77 16.54
Corundum — — — .21
Wollastonite 2.88 .73 6.74 —
Enstatite 15.76 15.82 10.37 6.10
Ferrosillite 8.83 4.08 8.16 .50
Magnetite 2.47 4.03 5.27 2.98
Ilmenite 2.93 2.38 4.06 1.02
Apatite 1.80 2.05 1.02 .42
* Total iron as ^e^O^
TABLE 3. Whole rock analyses of the rocks from the central 
volcanic rock.
CENTRAL VOLCANIC BLOCK ROCKS 
Basalt Andesite Dacite Rhyoda- Rhyoda- Rhyoda-





Si02 54.36 60.39 66.73 73.68 75.63 76.80
A1203 19.15 17.63 15.88 13.84 13.59 13.96
Fe2°3 8.04 6.17 4.65 1.83 .79 .22
MgO 3.36 2.91 2.16 .10 .09 .10
CuO 7.57 5.88 3.35 1.85 .85 .57
Na20 4.45 3.69 3.30 4.18 4.23 3.65
K2° 1.73 2.12 3.15 4.13 4.16 4.54
Ti02 .92 .83 .50 .23 .13 .10
P2°5 .32 .24 .15 .01 .01 .01
MnO .10 .14 .10 .09 .07 .05
NORMATIVE MINERALS
Quartz .13 13.21 24.40 30.11 31.46 36.87
Orthoclase 10.22 12.52 18.61 24.38 27.23 26.83
Albite 37.66 31.22 27.91 35.33 35.78 30.87
Anorthite 27.18 25.30 15.63 6.83 4.17 2.76
Corundum — — 1.31 — .12 2.03
Wollastonite 3.47 .96 — .28 — —
Enstatite 8.36 7.26 5.37 .25 .24 .24
Ferrosilite 6.99 4.05 2.56 — — —
Magnetite 3.50 3.36 2.91 .03 — —
Hematite — — — 1.68 .79 .23
Ilmenite 1.75 1.57 .95 .45 .14 .10
Rutile — — — — .05 .05
Apatite .74 .55 .35 .16 .02 .02
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Figure 35. Variation diagram for alkalis and lime.
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comparing Cedar Pass pluton and associated rocks 
(solid curves) with those of Snoqualmie batholith 
(dashed-dotted) after Erikson (1969), and Southern 
California batholith (dashed curves) after Larsen 
(1948), and the Sierra Nevada batholith (dotted- 











Figure 37. Chondrite-norma1ized rare earth element 
pattern for Cedar Pass pluton and related rocks.
V a lu e s  o b t a in e d  f r o m  n o r m a l i z e d  n o r m a t iv e  
m in e r a ls  f r o m  g e o c h e m ic a l  d a ta .  G r a n i te  m in o r  
phase  ( 2 ) ,  g r a n i t ic  m a in  phase ( 1 7 )  and  q u a r t z  
m o n z o d i o r i t e  m i n o r  phase  ( 6 )  a re  averages o f  
1 0 0 0  p o i n t  m o d a l  ana lys is
•  G , g r a n i te  m i n o r  phase
•  M P ,  g r a n i t ic  m a in  phase
•  Q M ,  q u a r t z  m o n z o d i o r i t e
S t r e c k e is o n  ( 1 9 6 7 )
A -  G r a n i t e  ( r h y o l i t e )
B  -  G r a n o d i o r i t e  ( d a c i t e )
C -  Q u a r t z  m o n z o d i o r i t e  ( a n d e s i te )
☆  F e n n o s c a n d i a  R a p a k iv i  
S t r e c k e is e n  ( 1 9 6 7 )
Figure 38. Diagram showing modal analyses of 
Cedar Pass pluton and related rocks; field 
boundaries from Streckeisen (1967).
minor phase and finally to the monzonite minor phase.
Next, the rhyodacite cropping out between the granitic main 
phase of the Cedar Pass pluton and the central volcanic 
block differentiated to yield more felsic apophyses into 
the central volcanic block. The geochemical data also 
indicates that the quartz monzodiorite inclusions are 
intermediate in composition between the quartz monzodiorite 
minor phase and the granitic main phase of the Cedar Pass 
pluton. The quartz monzodiorite inclusions appears to be 
primarily formed from the mixing of the main phase and 
quartz monzodiorite minor phase. The last comparison 
supported by the geochemical analyses, is that the dacite 
porphyry dikes are chemically identical to the volcanic 
breccia cropping out in the central volcanic block.
DEPTH OF EMPLACEMENT
Using Hyndman (1981) as the conceptual source of 
emplacement, it can be worked out that the magma of the main 
phase of the Cedar Pass pluton formed below 15 kilometers in 
depth and was then emplaced to 4 kilometers or shallower.
The calculations for these depths are taken from Hyndman's 
Figure 2. Crustal thickness, in the area of the Cedar 
Mountains, were diagrammed by Smith (1978) as being roughly 
30 kilometers. Lachenbruch and Sass (1977) indicate heat 
flow from 1.5 to 2.3 HFU (heat flow units) in the area of the 
Cedar Mountains. Blackwell (1977), on the other hand, 
estimated the heat flow of 1.8 to 1.9 HFU (heat flow units).
According to Hyndman, if muscovite had supplied all the 
water to the melt, the magma is presumed to have been 
emplaced to 4 kilometers or shallower depth. The depth of 
formation as Hyndman (1981) would suggest would be at least 
15 kilometers and possibly as deep as the base of the crust 
in the area of the northern Cedar Mountains (30 kilometers).
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AGE DATES
Two age dates were performed on the rocks of the Cedar 
Pass pluton. References for the first was found in a 
footnote to Ross (1961) and was run by the United States 
Geological Survey. The second date was performed for the 
author by a cooperative venture between the Nevada Bureau of 
Mines and the United States Geological Survey, Menlo Park, 
California. The first date is given as follows: "40 + 10 
million years using the lead-alpha method from zircon from 
the granitic mass about five miles southeast of the site of 
Simon on Cedar Mountain (Ross, 1961)."
The second date was performed in the fall of 1980 by the 
United States Geological Survey. It is a K-Ar age run on a 
biotite separate from a small pod of quartz monzodiorite that 
crops out on the southern contact of the Cedar Pass pluton 
(just north of the 7418 peak) (Plate 1). The biotite 
separate yielded a date of 24.2 + 1.0 million years 
(Oligocene).
Both dates have limiting factors to their usefulness.
The lead-alpha dating method has all but disappeared from use 
in current dating usage due to its inaccuracy. Zircon 
separates from a sample can also be suspect since zircon from 
older rocks can and have been, incorporated by later igneous 
rocks which give an erroneous average date. The single K-Ar 
date may be accurate but resetting by heat from later igneous 
rocks is possible. It should be noted that the location of
the sample used in the K-Ar date is directly in line and up 
the hill from both a hornblende andesite and mela-andesite 
dikes. The maximum vertical distance between the K-Ar sample 
locality and these dikes is 50 meters. Thus there is a 
chance of resetting of the biotite by heat from these later 
dikes. Hornblende was not dated so no cross checking could 
be done.
It is believed that these dates provide an approximate 
relative age. The chance that the lead-alpha age is off by a 
factor of two is slight but possible. In combination, these 
dates suggest a Tertiary age and not a Jurassic age as 
suggested by Muller and Ferguson. The plutonic complex may 
lie in Stewart's 34 to 17 million year category.
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MINERAL DEPOSITS
The northern Cedar Mountains has produced several 
commodities during the span of its mining history. These 
mineral deposits can be lumped into silver, lead and zinc, 
and skarn replacement bodies in the limestone of the Luning 
Formation, and precious metal quartz veins in the pre- 
Esmeralda volcanic rocks. The largest mine of each type 
occurs to the north of the map area. Couch and Carpenter 
(1937) estimated $1,000,000 was extracted from the Bell 
District (this district incompasses all of the mines in the 
northern Cedar Mountains) over the history of the district.
The records of activity from the Bell District, make no 
mention of production from the mines and prospects in the map 
area. The map area, however, has been divided up into 
several small mineralized areas: the Fagon and the Cedar
Chest areas occur in and just to the west of the west and 
northwest border of the map area. At the south central 
border of the map area is the Bell District where the 
regional district gets its name. The Surprise area is at the 
southeastern border of the map area. In the north and 
northeast part of the map area is the Blue Bird area (Figure 
39). Ross (1963) reported that the only remaining activity 
in the northern Cedar Mountains in 1956 was in the Blue Bird 
and Cedar Chest area.
Although no production figures have been found for the 
mining activity within the map area, mining development is
Figure 39. Mineralized areas in and adjacent to 
the map area.
substantial. The mining areas within the map area can be 
lumped into two types. The first type is a copper-magnetite 
skarn type and the second is a scheelite-calc-silicate skarn 
type. One kilometer north of the mapped area are a few 
diggings that show anomalous silver and gold values (0.01 
oz/ton Au, 0.08 oz/ton Ag). Gold and silver may also have 
been important commondities in the two mining areas on the 
western side of the map area.
The copper-magnetite skarns are present in several 
different areas along the contact between the Luning 
Formation and the Cedar Pass pluton. Skarns are best 
developed in the Fagon and Cedar Chest mineral area. Several 
small pits and cuts have been made in the Blue Bird mineral 
area. The largest development of copper-magnetite skarn is 
found at the southeast corner of the map area. Here 
magnetite has been open pitted and stockpiled. This area 
lies at the eastern edge of the limestone unit of the lower 
member of the Luning Formation. Workings range from small 
pits to adits 40 meters long over the whole 2 kilometers of 
strike length of these limestones. Copper mineralization is 
present as carbonates at several of the prospects although 
magnetite is not visible. In this area, structure and 
lithology of the Luning Formation are the major ore controls. 
Although there are three or four more areas of skarnification 
along the southern contact of the Cedar Pass pluton and the 
lower member of the Luning Formation, these areas are
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insignificant in their production.
The scheelite-calc-silicate skarn is best exposed in the 
Cedar Chest area. In 1980, renewed interest in this area 
continued the mining for tungsten (scheelite). There are 
several adits and shafts in this area. The calc-silicate 
mineralization is very coarse grained having garnet (andrad- 
ite) and vesuvianite crystals up to 3 centimeters. Lithology 
and structure were again the major controls on ore deposi­
tion (Figures 40 through 42).
Mottern (1963) gave the following mineralogy for this 
area and the distance from the contact of the Cedar Pass 
pluton:
65 centimeters (2 feet) - idocrase, brucite, calcite,
clinozoisite, garnet, 
diopside, scheelite
2 meters (5 feet) - diopside, idocrase, calcite,
antigorite
15 meters (50 feet) - diopside, calcite, muscovite,
plagioclase
120 meters (400 feet) - andradite, hematite, calcite,
epidote, quartz
Mottern also believed that along the contact which produced 
skarn mineralogy, contact metamorphism was up to the 
amphibole facies. The first two meters along the contact 
which produced skarn mineralogy is indicative of mineralogy 
of the pyroxene hornfels facies. Another area mentioned by
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Figure 41. Igneous block surrounded by skarn - Cedar Chest open 
pit.
Figure 42. Skarn pod (linear) parallel to joints - Cedar Chest 
open pit.
Mottern, north of the southern lobe of the Cedar Pass pluton, 




The earliest formation (Paleozoic) in the area of the 
northern Cedar Mountains is the Mina Formation. This 
formation is comprised of a series of turbidites which were 
deposited on a continental slope or abyssal plain in a fore 
or back arc basin. Although no other Paleozoic rocks are 
found in the northern Cedar Mountains, the area continued to 
be a deep ocean environment into the early Mesozoic. Ross 
(1961) stated that the late early Triassic Luning Formation 
has three distinct environmental lithologies. They range 
from deep open ocean to near shore. This transgression 
during Karnian-Norian time developed in what is known as the 
Luning Embayment. Continued uplift during Norian time gave 
way to a hiatus from the late Trassic to the Jurassic.
The Dunlap Formation which crops out in several areas in 
the northern and southern Cedar Mountains has been thought to 
represent locallized basins that developed during the Nevada 
Orogeny. Red beds which crop out in the Dunlap Formation 
indicate aerial conditions. After development of these local 
basins there was a hiatus into the late Tertiary.
Using textural, field and laboratory data, the following 
is the igneous chronology of the northern Cedar Mountains.
The oldest volcanic rocks in the map area are those of the 
eastern volcanic province. It is believed that these tuffs 
and flows are age equivalent to tuffs of the Guild Mine 
member of the Mickey Pass Tuff of Oligocene age (28.0 to 26.3
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million years; Ekren, et al., 1980). The assignment to the 
Mickey Pass Tuff is made because these tuffs are physically 
and optically different than any other volcanic rocks in the 
map area. The source of these tuffs were at least 50 kilo­
meters to the northwest of the map area.
Possibly associated with this regional event is the 
eruption of local volcanic material. The oldest local 
volcanic rock is the rhyodacite lithic-rich welded ash-flow 
tuffs. The oldest plutonic phase of the Cedar Pass pluton is 
the quartz monzodiorite minor phase (24.2 million years).
This mafic phase, the author believes, was responsible for 
some of the heat to drive the felsic melt system. The rela­
tionship of the quartz monzodiorite minor phase and that of 
the rhyodacite tuff is unknown. The porphyritic rhyodacite, 
which occurs surrounding and intruding into the tuffs of the 
central volcanic block, was the next volcanic phase. This 
rhyodacite intruded into this shallow hypabyssal environment 
and acted as a heat loss buffer for the main phase of the 
Cedar Pass pluton. Also intruded at the same time as the 
main phase is the monzonite minor phse. All three of these 
igneous rocks have quartz monzodiorite inclusions. These 
inclusions are a first stage mixing product of the mafic 
(quartz monzodiorite) magma with that of a felsic (rhyodacite 
and granitic main phase) magma. The inclusions could have 
then been mixed with more felsic melt to yield tertiary or 
quarternary products. Second, third and perhaps fourth level
inclusions were observed in the main phase of the Cedar Pass 
pluton. The mixing of two divergent compositional melts by 
their very difference in temperatures and viscosities leads 
to heterogeneity.
The last plutonic phase is the granitic minor phase. No 
inclusions were found in this phase and aplite dikelets were 
commonly associated. This minor phase was a very late stage 
phase which crystallized near or at final crystallization of 
the Cedar Pass pluton.
In connection with the central volcanic block are two 
mafic volcanic dikes or plugs (?). These dikes are only 
found in the western edge of the central volcanic block. It 
is believed that the western edge of the central volcanic 
block is the feeder zone for the rhyodacite tuff and 
porphyritic rhyodacite. This felsic plug (?) material 
blocked the volcanic neck at the end of the rhyodacite 
eruptions and these mafic dikes intruded up along this neck. 
Blocks of rhyodacite tuffs and smearing along the contact 
with the more felsic plug (?) material indicate that these 
mafic dikes were later.
The last igneous rocks of the Oligocene-Miocene 
hypabyssal suite are the sub-volcanic dikes that cut both the 
Cedar Pass pluton and the central volcanic block. The mela- 
andesite and hornblende andesite dikes intrude into the Cedar 
Pass pluton, the overlying Luning Formation and into the 
rhyodacite. The andesite porphyry dikes that crop out on the
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east-central part of the Cedar Pass pluton have not been cut 
by or correlated with any other igneous rocks. They have 
been assigned, however, to having been intruded at or later 
than the mela or hornblende andesite dikes but not later than 
the dacite porphyry dikes. This assignment is made because 
they have a similar trend as the former dikes. Intruding into 
the Cedar Pass pluton, the Luning Formation, and the 
rhyodacite tuffs and porphyritic phase are dacite porphyry 
dikes. The dacite porphyry dikes trend in anomalous 
directions from that of the other dikes in the map area. It 
is believed that the dacite porphyry is the last igneous 
phase intruded into the core of the northern Cedar Mountains.
Ekren, et al (1981) stated that the typical eruption 
sequence for western Nevada during this time period was 
silicic to mafic. When these volcanics (cf. Mickey Pass 
rhyolitic tuff) erupt the upper part of magma chamber is 
tapped first. As eruptions continue successively lower parts 
of the magma chamber are tapped. Finally, the lowest part of 
the chamber is tapped which would probably be the most mafic 
part of the chamber (cf. mafic dikes). On the other hand, 
when an intrusion begins to cool at depth the more mafic 
phase of the magma will cool first (cf. quartz monzodiorite) 
leaving the most silicic phases (cf. main phase, granitic 
minor phase, and monzonite minor phase) to solidify last.
These reverse and normal eruptive cycle seems to be well 





The later stages of the Cedar Pass pluton were responsi­
ble for the Cu-W-Fe mineralization in the limestones of the 
Luning Formation. This hydrothermal event was marked by the 
intrusion of the alaskite. It is estimated that 98% of the 
Cedar Pass pluton and related rocks had been crystallized at 
that point.
After the last of the local igneous events, roughly 17 
to 20 million years ago, was the initiation of the Basin and 
Range faulting. Ekren, et al. (1981) speculated that the 
initiation of faulting began wa-s— ŝ ar-fe-ed- at the time of 
complete subduction of the Farallon Plate under the North 
American Plate. This faulting event, which continues today, 
elevated the core of the northern Cedar Mountains along with 
right lateral extension.
At about 10 to 14 millions years the Esmeralda Formation 
was deposited. Here again tuffs and tuffaceous sedimentray 
deposits were deposits. The source of these sediments would 
again be outside of the local area. Whether these sediments 
are associated with the older tuffs of the central volcanic 
block or the eastern volcanic province is unknown.
In conjunction with increase elevation and precipitation 
during the late Pliocene and Pleistocene was the thick 
accumulation of the older alluvium. The largest accumulation 
of older alluvium is on the west side of the northern Cedar 
Mountains. Ten square kilometers or more of alluvium also
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occurs on the east side of the northern Cedar Mountains but 
is not nearly as extensive as those on the west side. The 
skewness of the thicker accumulation of older alluvium to the 
west is a result of the heavier rainfall on the windward side 
of the range. Recent alluvium crops out in the larger stream 
channels.
The last event to impact the map area was the 1932 Cedar 
Mountains earthquake. This earthquake was another in the 
series of events that has been going on since extension began 
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